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rUl and a non-aqueous electrolyte 
A crbonaceooa ■atarlal ana 

^^,t«i mm an anode ere 

C.11 ».tM th. c.rb«««c« -t.riu 

has an Interlay*'^ 
» ^« than 3. TO nntatroM ana a 

s.o «lfl«t • «f plwwbo™*- 

... II Md the Bon-aqueoui 
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Tnu ln«ot.cn r.l.... «» . c.rb,n.c.o«. .at.ri.i 
c„.bX. or ...PU. .»* „„..,u.ou. .uctrom.c 

C.U h.Tln. th. c.rbo»c«.«. -"'"l 

electrod.. „„,..urlz..lon of electronic 

l„.«u-.».. r.,».r.. . h.* ...J ^^^^^ 

IB such • c«ii« 
have been proposed, m extensively 

electrolyte cell «.!»« Uthiu-. which ha. 
studied for practical utility. 

However, for the practical applications of the 

wt. cell the followinf disadvantages 
non-.Queou. electrolyte cell, th 
are in.ol.ed 1« the «.e of lithiu. «tal as a n , 

electrode. ^ . ^.^ ion. a. 5 - lO hours with 

(1) cbarfiwr take. • ti-e a. ion. 

poor oalck charclnf properties, 
m Short cycle llf«« 
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. . nantlve electrode «hcrcl" 

.:^rLe.u. .u. ..o.. 

llthltm l« not u»ed a. a iinfie 

carbonaceou. -aterial. Thi. ^l^- u.e of easy 

. , ror-atlon of a carbon layer compound of 
electroche.lcal for«itlon ox .^terUi used as 

.K.n A csarbonaceous materiai 
?or instance, when a carow 

,l«ettoae «i ,..„riiln» to the positive 

electrode. _ 

T„. electric c.P..ltT P-r unit weight of the 

-teri.l 1. de.er-l«d d.p.nd.n. on the e.ou,a 
.„^.e,» -terux ^ ^^^^^^^^ ^^^^^^ 

" rr/t, U i. -..U— « — the ..o„„t 

:pn:lu.r...o,«..U.tc.p.ree„hoh.to... 

*^ _ _.«>Mrial used as tne 

Blthcrto. crbonacwo. -t.ri.l 

-t.« .l.ctr«l. of tt.1. of cell Inolud.. 

:^f,r««u.fr.-..^-.--^^^^^^^ 

. M-iaawe or «o. sa-wsea. 

^ ~. - ::::: 

^^.rials l« not ao hlfh that it is on 
too«i carbonaceous .aterlain xa 
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TOO'C " 0 2 to 5.0 

not 1." c.»t.l»»« 

. Ht » of »l«o«H»'»- , .h. in"""""' 

„l.ht 1 oi » o, th. » 

*ccor4l« to .wt .uctrolyte 

cc«.-. » ^ •'r^t -° -'T 

kt not *»» Mid contalnl"* 

A « to 
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Flf. 1 l« • characteristic view shovlnf the relation 
between the aMunt of charted phoephorlc acid and the 
contlnuoua charfeabla and dlacharreable -A-hour a. used with 
the resultant oarhonaeeous aaterlalt 

Pit. a la • charaeterlitlo view showing the relation 
between the ai»unt of charged phosphoric add In the fired 
product of furfuryl alcohol resin and the residual rate of 
phosphorus; 

Flf. 3 !• • characteristic view showing the variation 
m the teaperatura of DTA peak relative to the amount of 
charged phosphoric acid and Pig. 4 Is a characteristic view 
showing the Tarlatlon In doo. relative to the anount of 
charged phosphoric acid; 

flf^ 6 le • characteristic view showing a charging and 
dlscbarfflng cycle characteristic of a non-aqueous 
electrolyte eecoadary cell utlnf • negative electrode a 
carbonaceoM mUvi^ obtained by adding phosphoric acid to 
polyfurfurxl elCPlwa WU m com»arlson with that of a cell 
ualng a« * iefaUTf alw^roOe a carbonaceous wterlai 
obtalnc4 wlilWt aWltloa of any phoaphorlc acid: 

« 1«> cbaracWUWC Tlew showing a discharKe 
curve of j|>p»-a(WfW flcc^roly^f aecondary cell usins a 
negatlye'ivwlw^^ obtained by 

addlt^^pfiifei^^ "^^^^^"^ 
co.par*a<S'ilS5iC<wii * ^ciatlTC electrode of a 
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c«bon.o..«. «t.rl.l ob..ln.4 without .ddUlo. or any 

phosphoric acid; 

FIK. 7 1. . ch.r.ct.rl.tlo TU- .ho-lnc . dl.ch.r.e 
cur,, of . D0a-.,u.«.. .Lotrolyt. ..cond.r, c.U u.in, « 
„e,.tlv, .UCrod. of . c.rbo»c.ou. -t.rl.l obtain., by 
addition Of phoobotlo ..Id to .ovolac-typ. Phenolic rcs.„ 
in co.p.rl.00 -Uh . c.U ».ln, . «.f.tlv. .l.ctrodc of a 
carbonacou. -t.rl.l obtain.* without addition of 

phosphoric acid; 

FU. « U • charaofrl.tlo »l« ahowln. th. relation 
b.tw..h th. a-ount of «t.-pho.phorl. acid or phosphorus 
pentaoxld. .dd.d to ox„.a-cro..llnh.d P.trol.u. pUch .... 

th. dlschaf»« capaoltjr; 

FU. • U « ch.r.Ct.rl.tl« tU. .ho-lng the variation 
U „.th,r-l. »M» t«P.r..«r. of UtS *.n ...a-Pho.p.,or.c 
add and pho.ph.nl. pantaoxld. .r. ..ch .dd.d to 
ow«.n-cT0..»t«*«4 potrouu^ »»«<*» 

b.tween ^h. ,W«t 9t ..H-?h,.pb.rl. .eld or pho.Phoru. 

th. -0U^t 9t WWW »« C,.ho»c.ou. -aterial-. 

F,,::U u i<*»WW'*«« T«f •«^»»« . dl.char,e 
cury. orir^^W^i* 

„...tlT^iii5»^9«« 9f * «rtOW.~-. obtained by 

addition V»h,fP*»W ow..a-cro..llnked 
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y cell 



.uc.r,4. Of . ..rbcn.c.ou. «t,ri.i obtained .iU,ou. 
.ddltUB Of pho.plK.ru. p.nt.oxld.; .nd 

xa U . ch.r.ot.rl.U. Tl.- .hcln. . cycle 
ch«.o«rl.«.. of . non..,».«.. .i-ctrol.t. ..oe„d»r, 

obt.U.d M .Mltl~ «" Pho-Phoru. p.nt.oxlde to 
.x,.,..cro..U,*.d P."0X.» PUch U =o.P.rl.on .Uh „ 

.t«in.* -itt.«.t .*«"•» »* p-"""- 



col I 



The prwent InTWtor. mten.lve 

J > raault. found thnl 

,0 .chUT. m .bov. oWeol. .. • "•»»• 

.d««o« o. . P...P-.. co^ound d«ln. ^ _ 

v.r, .tfctlT. .ncr...... dopln. n.o„nt or 

.bo,;oJ^»«:«* t;"": " 

conuW^ P..« - «•« „ 

,^««c, .c«o,«« to tb. invention 1. 

■ . -4 tta.t an or^l« ••t.rl.l or crbonec.ous 

c*--* - - 
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11 «f tho Invention U 

of s c»rl>on»c«ott« . » or pho.Kix"-""- 

. .,.,1.1 Md contBlnUf O.a 

. po.Ul« 

.XoctrolTt- ^ i„„„tlon I. ob..ln>"' 

„ =.rl.onl»tlon. ."ch W 

..,..1, loclud. any orianU hUh 

pMnoUc ,.,1... polyactylcc, 

po.y-.*.-i-«. - - ... - 

B,.U... ^ „„n«-l.n.. ph.n.nthre„.. 

w4roc.t«K« el.r»"«- 

and 

—iBii eoi^W** «^ Bi^w" 
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and the like. *nd derlvatlvet thereof. 

in •ddltlon. furan reelne euch a* hoBopolyners m.d 
copoly«ert of furfuryl alcohol and furfural may bo favorably 
uaed. wort ■peclficaUy. there m be .entloned polymers of 
furfural phenol, furfuryl alcohol ♦ dl.ethyioiuron. 
furfuryX alcohol, furfuryl alcohol ♦ formaldehyde, furfural 
♦ ketonea. and the like. The carbonaceoue ■atorlais 
obtained by carbonUlnf the furan ream. ha. a surface 
•eparatlon. dee., at plane (002) of not ..allor than ir.TO 
aniatro-a and a true denalty. p. of not larger than i.7o 
ff/c. The differential ther«l analy.l. (DTA) reveals that 
It haa not? any exothenilc peak at tewerature. not lower 
than 700*Q and f»h**"» ^"^r food characterl.tlc. for use n« 
a nefatlTt eleptrode for cell. 

Theafi orianlo ■aterlale are therwilly treated for 
carbonAaatlon \ff ^ft^tolVH iuch of firing. The 
carbohlM.nw WWWf ^•P"'»^"« °" 

of ita^nn^ WM^^^i^ ^» *° °' " 

. . Vll^,^ t;:^M WiM.r Patroleu. pitches havln. a 

apec^^i^ atfPlia^Tat^^ functional groups 

amt^xi^9^ (ao-called oxygen 

cro.^li*»blC«%^ W ^ characterl.ticB are 

obUln^^ Tto^ ^ W bt ttted a. the organic 
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•n,. p.trol.u. pitch., .r. «bt.l«.d b, operations. »u=i, 
.. dl.tUl.tlon («c«u. di.tlU.tlon. topplni , .nd 
dl.tm.tlon». th.r»il pclycond.i...tlon. .xtr.ctlon. 
ch.-l=.l polTcond.n..tlon .nd th. Ilk., of t.r. .hUi. arc 
obt.ln.d br hl,h t»P.r..«r. P/roU.I. of co.l t.r. ou„>.,n. 
botto. oil., crod. p.trol.«. and th. lU.. .nd ..ph.u. 

Th, B/C .to.i. r.tlo of p.trol.«» pitch I. l.purl.nt 
.nd .houW IM to th. r.n«. of 0.6 - O.S for 
non-irnphltlMbX. crbon. 

Th. t.chnlw.. of introduclnf functlon.1 .roup. 

cont.lnln, oxyfo Into th troUu. Pitch., .re not 

crltlc.1 «.4 molud.. for .«-Pl.. • °" 
„u.ou. .olatlo. of nitric .eld. -U.d .eld. .ulCur.c add. 
hypochlorou. .old .nd th. lU.. • drjr proc... u.ln, 

OXld.tlT. f... <«»f OW"). »* 

r..^nt. .uch Wltur. —onlu. nltr.t.. ~«onlu« 
p«r«lf.t.. Ut^io cblorW. Md th. lU.- 

Th. p.ti;ol.«-, P»tch.». into rtlch oWf.n-cont.lnln. 
function.* fronp, h,T. b..n Utroducd b, th. .bov. 
t.chnl,u. .S. crbOBlwd for ... • o.f.tlv. electrode 
„t.rUX. Th. wb9nl".M0^ condition, .r. not critical 
proyld.d ^h.,< *W W »S ^"W* 

crboilwW fS^«'>«^* eb,r«t.rl.tlc re,ulre.enta 
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not lo..r th«. TO.-C. For in.t.n=.. t... pUCc. »ro 
o„.onU.d in . Of nttrcn .t 300 - .occ. .r.«. 

,0. - 1300-0 «.* . tU. Of 0 - . Hour. K.pt at t..e uU.»».c 

. uttar of courw. th« cBrbonliotio" 
operation Mr b. o.ltUd « th. c... -.X b.. 

Th. r..ult.nt c.rbon.c.o«. -t.rl.l .erve. =. a 
„„.tlr. .uetroo. «t.r..l .«« pul«rl»t>on ...o 
ex....ric.tio.. -n.. p.u.ri«tion «r t. .rrecto. pr.o. 

or .rt.r th. ..rb.nU.ti.n or .ft.r th. flrlnc 

.Uho... th. ..rhon...ou. -t.rl.l " -.tea • ovc u 

S3-3U1.. W. 9.n,l»tlo. or th. o^..n =o„t.„t resuu. U, 
. ..rbon..«», ..«rl.A Wh.^ b.. . .-rf.c ..P".ti»n. 
,092. 7' "° 

0..11...C. or Pecrou.. nu., 



The 



urn 
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III 
3.72 



p„cur.or .ho«U Pr.f.r.blT b. not X... t..n lo -tv 

- co„t.„t .n ... r.n.e or .0 - . .. 
e.p.=UU,. ..nc. tb. do.. or not .... t„.n 3. 

.„..tr<-. I. r.vor.bX. .n or tH. c..r..n. .n., 
dl.ch«,ln, .ffUl.ncT. th. o.r..n cont.nt ...ouW Uc 

" Tn :r,r..^ Of t.. lnv.„...n. pno...o.. » 

. » tl.e Of the carbonl««tlon by which the 

„,U.. .-eh Pho-P-o.-. trloxld.. Pho.p..oru. tetr.o, ,>.. 
p o,u. p.n«oxU. .n. t.. U... o,o .C. or ... ... 

of..»-P.o.P..ri. .cid (.o-c.U.a P..O.P-.OHC . 
.,».-p.o.,h,rl, .cid. pcXTPno-Phorlc .cid .nd ..xt. of 

oxW.t .»4 rto.Pl'orlc .CXA «, pr.f.rr.d. 

in pr..^o, 9? «. l.T.n.x.n. tn. .»ou„t or 

- ------ 
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Phosphoru. co-pound 1. lea. thun the above range ami the 
content of phosphorus In the carbonaceous material Is t 
small, the effect of Increasinf the doping amount of 
llthiu. cannot be appreciably expected. On the contrary, 
when the a«,unt of the phosphorus compound Is too lar«e arui 
the content of phosphorus in the carbonaceous material 
beco.e. too larfe. the characteristics become poor with tl>c 
possibility of reduclnf a rate of carbonaceous material 
which actually takes part In the doping of lithium. 

Where the carbonaceous material Is used as a negative 
electrode of non-aqueous electrolyte cell, it is preferred 
that the material used for positive electrode should contain 
a satisfactory amount of LI. For this purpose, a composit, 
metal oxide of the general formula. LIMO,. (wherein M 
represent, at least one of Co and Nl) or layer compounds 
contalnlDf Li are used. In particular, good characterise 
are obtained^ wh^n uslnf LlCoO«. 

The^ non-aqueou^^^ cell of the Inven 

1,^ achierlnc hifh capacity irhereln the positive elect 
; sho.ic^-cpn^LVln«r^^^ corresponding to a char.e and 
^^^s^ ' °' 

/ton^mm m^^m^.^^^ repetitions of char.in. and 
. • dpar^^ preferably be contained in amounts 



,e 



cs 

It ion aims 
;rode 
;e ai 
of the 
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than 300 mAh and more preferably In amounts corresponding to 
Q charge and discharge capacity of not less than 350 mAh. 
It wll.i bo noted that Li Is not necessarily supplied nil 
from the positive electrode material on the condition that 
LI should be present in the cell system In amounts 
corresponding to a charge and discharge capacity of not less 
than 250 mAh per g of the carbonaceous material for negative 
electrode. The content of Li will be determined by 
measurement of the discharge capacity of cell. 
The non-aqueous electrolyte is prepared by 

appropriately combining organic solvents and electrolytes. 

and these organic solvents and electrolytes may be ones 

ordinarily used in this type of cell. 

Examples of the organic solvent include propylene 

carbonate, ethylene carbonate, l .2-dlmethoxyethane. 

1,2-dlethoxyethane, t -butyrolactone, tetrahydrofuran. 

2-methyltetrahydrof uran, 1 , 3-dioxorane , 

4-methyl-l,3-dloxorane. diethyl ether, sulforane. 

methylsulforane. acetonitrlle. propionylnltrlle. anisole and 

the like. 

Examples of the electrolyte include LICIO.,, LlAsFo. 
LlPFo. LiBF4. LiB(CoIlB)-, CH.SO.Li, CF.SOaLl. LlCl . LlDr and 
the like. . 

When. a phosphorus compound such as phosphoric acid is 
added at the time when organic materials are carbonized >nto 
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carbonaceou. «terl.l. .n »ount ot dopln. UtMue b.co.e. 
„..t. -Uh . .r«t .fflclenc, « exprced ty de-dopin. 

amount/doplnt amount. 

The u.. of th. cartonacou. naterlal havln. sreat 
capabilltr of dopln, llthlu. .... n„.tlve electrode of 
non-a,.,.ou. el.otrol.t. 0,11 result. In .n .ncree.ln. c„»r.c 
and dl.oh.r». cap.olty -hll. .uppr...ln, deterioration 
a=oo»p.nl.d by repetition of char.lnc and dl.char.ln, 

operations. 

[Examples] 

™e pr«.nt invention 1. de.crlbed ba.ed on particular 

experimental results. 

p...iHniinary g-»p«rlment 1 

initially, a furan r..ln ... u.ed a. an organic 
material to check the influence of pho.phoru. beln. added. 

Fit. 1 1. . «"Ph '"•I"""" ' """"-"^ 

ch.r,e.ble «.d dl.ch.rg..bl. «.per.-hour/« relative to t„e 
amount of charged pho.phorlc add with re.pect to a cell 
which make, u.e of . negative electrode which U obtained b, 
flrlnc . polyfurfuryl .Icohol re.ln (-aleic anhydride 
cat.ly.t) while .ddln. phosphoric .eld. Fro™ this, u win 
be seen that th.;.4dltlon of phosphoric acid upon flrln. 1. 
very effctlv. In lncre..ln« the char., and dl.charre 
capacity. .' . 

Th. .dd.d ph.spl.oru. cowound wa. left In the resulting 
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carbon.c.ou. .at.rl.l 1. .ho-n In Fl.. 2. It .lU be 
„ot.d that th. .«.«nt Of phcphoru. In the c.rbcaceou. 
«t,rl.l wa. ,u.ntlt.tlv.ly d.t,r.ln.d by an Inductively 
coupled plaama (ICP) .pectrometry. 

The fired product of th. polyfurfuryi alcohol resi,. h«, 
not exother-lo peak at 700-C or over when determine, by DTA 
and haa a .urf.ce separation, do... .t (002) PUne of as 
Xarce 3.85 an,..ro». When phosphoric acid -a. added 
durln. flrln» Of the polyfurfuryi alcohol resin. lUtle 
variation In the characteristics 1. observed as shown In 
FUs. 3 and 4. For Instance, the addition o, 10 wtx or 
Phosphoric acid entails an exothermic peaR of approximately 
6S0-C deter-lned by WA and a doo. value of not less than 

3.70 angstroms. 

By thl.. It «a. conflrwd that the addition of the 
phosphorus ccpound did not l«..de the characteristics 
inherent to the carbonaceous ■atarlal. 

Based on the result, of the above Preliminary Example l. 
a cell u.ln, a negatlv. .Lctrode -ad. of a carbonaceous 
„terlal ,hlcjl^.d,b,en obtained by flrln, a furan resin to 
.,hioh:V:?ho.phor,^:iow^^ was added was asseoibled to 
■ . evalaati':4t»\?iiarM^^ ' 



;^;#^^iSfe^ralcohol. 1 « of -alelc anhydride and 
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bath for 2 hours to obtain a viscous polymer. 

After removal of unreacted alcohol and residual water 
by vacuu. distillation. 6 f of a 85* phosphoric acid (IlaPO.) 
aqueous solution was added to 100 c of the polymer. 

This was .alntalned for carbonization in a stream of 
nitrofen at 500«C for 6 hours, followed by heating to I200»c 
and thermal treatment for 1 hour. The resultant 
carbonaceous material had the following characteristics. 

dooa - 3.82 angstroms 

true density, p. ■ 1-55 f/cm" 

exothermic peak by DTA: 643-0 

phosphorus content : about 1.4 wt* 

The thus obtained carbonaceous material was used to 

constitute a coll as follows. 

The carbonaceous material was initially powdered by 

means of a mortar and classified through a sieve to collect 

particles with a slee of 390 mesh or below. 

100 mg of polyvlnylidene fluoride used as a binder was 
added to IB of the classified carbonaceous material, and 
dl.ethylfor«.lde was used to -ake a paste, followed by 
appilcatlbn to a .talnles. steel gauze and pressing at a 
preifiiiri-W ^tons/qr^ applied gauze was punched Into 

ai suitable to™ for use a^ electrode. 
' - 'Mi^i$iii^^ electroda'was -ade using LlNlo. .Coo. eO. in 
the following ■anner. ^—^^ 



o 
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600 BC Of graphite and 300 mg of polyethylene 
tetrafluorlda were added to and -Ixed with 9.1 s of 
L1N10..COO..O.. after which 1 f of the mixture was placed l,. 
a «»ld and aubjected to co-presalon molding at a pressure of 
2 tona/c«" to obtain an electrode of a disk shape. 

The thu. obtained positive and negative electrodes wor. 
used and a solution of 1 «ole/l of LlClO. In a mixed 
solution of propylene carbonate-dlmethoxye thane (ratio by 
volu«e of l;.l) was used to make a coin-shaped cell for a 
charge and discharge test. 

The cell was arranged so that the amount of active 
substance was positive •lectrode»negatlve electrode from 
the standpoint of electroche-lcal equivalence, and the coll 
capacity was regulated at the negative electrode, m the 
charge and discharge test, charging and discharging were 
conducted at a constant current (0.53 iiiA/cm»). 

The cell wa. charged at 320. 350 and 380 mAH/g (charged 
■A-hour per f of the carbonaceous witerlal herein and 
whenever It appear, hereinafter), wherein when a discharge 
cut-off voltage was .et at 1,5 V under which a cycle test 
was effeoted. a good cycle characteristic wus obtained m 
all the case.. In FlfvB. the curve 1 shows the 
charaoieVrnti obti^^^^ «t 380 -All/g. The cell 

• of.tWa;«Wle:<ll4-|»ot:^ 80 cycles when 
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Accordingly. It will be seen that the cell of this 
example I. chargeable or dischargeable at a capacity which 
is higher than the theoretical In the ca..e of graphite used 
as the* negative electrode. 

M Pig. 6, there U ahown a discharge curve when the 
cell lb: charged at 380 mha/g (aolld curve in the figure). 
The cell of this example had a charge and discharge 
efficiency of 98.5* with good results, 
^^mpyirntlve Example 1 

After obtaining the polymer In the same manner as In 
Example 1. U was thermally treated without addition of any 
phosphoric acid to obtain a carbonaceous material. 

This carbonaceous material was used to make a cell in 
the same manner a. In Example 1. The results of the charge 
and discharge test are shown In Fig. 5. In Fig. 5. curve il 
is a cycle characteristic In the case of charging at 380 
mAH/g, curve lU t« • cycle characteristic In the case of 
charging at 350 .AB/f and curve ly I. • cycle characteristic 
in the case of clwrfini •* W aAH/g. 

V It wiipV^^i« tM^ characteristic Is 

ll-ltfaA^UirStQ^^^ ampere-hour Is 

approailiW^^W 
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In order to confir* the effect of tho case using other 
resin, a cell m eUllarly nste.bled using a novolac-typo 
phenolic reeln to evaluate lt« characteristics. 

E«a«Dle 2 

10 i of pure water and 1 f of ethanol were added to lo 
f of A novolac-type phenolic reeln powder (XPGA 4552 u. 
available froa Cunel Che«. Co.. Ltd.) and wetted, after 
which 500 mg of a 85* phoephorlc acid aqueous solution was 

added and well alxed. 

After keeping the alxture In a stream of nitrogen at 
SOO-C for 6 hour.. U wa. heated up to 1200-C and thermally 
treated for I hour to obtain a carbonaceous material. The 
thus obtained carbonaceous Mterlal had tho following 
characteristics. 

dooa ■ 3.7S anfStroM 

pure density, P. • l.W «/c«" 

exotherviP pe«k PTA • «31»C 

content of phosphorus: about 1.4 wt% 

The thus obtained carbonaceous Mterlal was used to 
sake 1^ ceH In ^h« sa«e Banner as In Exanple 1. 

AS raault of the Chane and discharge test at 
dXtterw% charfoa and discharged a-pere-hours. it was found 
thaV«tabla Pharflng anA dlscta^^^ operations were ensured 

effected at 



t 

0 
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360 mAH/9 i» •hown In Flf. T a .olid line. In this case, 
the chart* and dlaeharfo efficiency was 98*. 

m the aaae Banner aa In Exaaple 2 except that 
phosphoric acid was not added to the novolac-type phenol 
ream powde^, there waa made a cell, followed by a charge 
and dlacharie cycle teat at different charged amounts. 

Aa a reault. atable operations of charging and 
discharflnf were limited to the caae where the charged 
amount was at most 210 mAH/f . 

The discharte curve where charginf was effected at 210 
BAH/f is shown In Fif. 7 «• n broken line. The charge and 
discharte efficiency waa approximately 95*. 

As will become apparent from the above examples and 
coBparatlye examples, carbonaceous materials ensuring a 
remarkably improve^ charge and diacharge capacity over known 
countwpw**^ t»e obtained by addition of phosphoric acid. 
Especlariy^ W >• iesorlbed In Example 1. there can be 
<rt»i«AB^ i?; ■^^efiail, depending on the type of 

stariS^'Sfiilte^ iMC^ liU> change and discharge capacity 
higher t^-ih«^^ graphite. 

0,ii;^yaiS^«*«^ precursor having an 

oxyge^'^wSwC^ P''^'""^ ''"^ 
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v.rlou. phowhoru. cowoun*. <ortl.o-pho.phorlc .old. 
pno.pUorlo «t.T4rl*. «Pho.ph.r«. p.nt.«i-.) various 
pho.phor,.«», «ouo,.4 b, c.r»on.«tlo. In . .trca. cC 
nltroien ot SOO* Cpr » liour«. 

•n,.«<t". «rbonU.d b«d. «r. pondered in » 
,Ul «d ohTCd U... . cr«clbl.. foiled b, firm, in » 
.tr.» of ^.. cro..u .t . b,.t»« r.M of 5-C/.inute .t »n 
„Xti«.t. «.«,-t«r, o. .10.-C for . tl.. of I hour for 
which th. «lt*-ata t«p.r.t«r. «• Mlnflned. 

Aft,r cooltn,. th. product ... Po«l.r.d .hd cus.irud 
thrr uih . ...h \o « .U. of not l.r».r th.n 38 « 

Th... c.rbo..c.o«, »,t.rUl. «r. .v.iu.t.d u.m. to.. 



cells* 



ror th. f.brtcW«. of th. t..t C.U. th, c.rbcn.cccu, 
„t,ri.X. ;.r.. r..»..t»«W, Pr.-h..t.d. l«dUt,i, prior 

pr.P.r.tlo, of , -IX. tov " 
of Ar \md.^ «0^«W9»fl 9t • """" 

hour .t t«^^«.«W», : -n-r^^fW, PoXr-lnnlden, 

fluorii. m^^P^^^'" °" 
«o»nV<4«:i«:to«»«'W»'*«^ , 

foxxo^,i^^ifmi?^^^*w"«^^^'"-"- ""7 

.o obt^^iifi^ttXf ,«b..,«..tl.. 37 « or 

th. -u • « " ' 

' t 15.5 ■■. thereby 



coiwctor i.^; . ww^^ • ^"""^ 
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obtalninc a carbon «Xectrode. The te.t cell had the 
followins arrangeaent. 
Cell arranceaent 

coU-thaped cell (dlaaeter of 20 mi. thickness of 2.r, 

counter electrode: Lt aetal 
■eparator: poroue fil» (polypropylene) 
electrolyte: I aole/l of LICIO- dissolved in « mUod 
•olvent (1:1 by Toluae) of propylene carbonate and 

■ethoxyethane 

current collector: copper foil 
The t««t cell with the above arrangement was repcntclly 
chargec^ and dlacharged fire tiae. and reached a stationary 
state, whereupon a dlecharge capacity per g of the 
carbonaceous Mterlal constituting the carbon electrode was 
.easured, Thf doping of llthlu. In the carbon electrode 
(charfliM[:;ftrii9«Jr W«klng. although the process of dopin. 
in pa^bp^^ 1?^ '^^m M ~* charging but 

dlsch«rf^^, 4oplnf pTOcaan la called charging and the 
de-doping ?^?cgtii If 4^icliarglng only for convenlcn 

sa^a in T^W Pt tl^t tl^t^PA of actual cell) was performed 

at a w?a«^^ «wA^3r «f °' '''' 

cycl. or ^^:ch«r,\M5^^hfm^ break until a balanced 
yo^tW ^••^^^ ^•^^. 9? dl«=harfe 
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current den.lty of 0.83 niA/c.- by repetition of i hour 
dlechariUf/two-hour break wbereln a terminal voltaic of i.r, 
V w«i deter»lned aa a cut-off volta«e. 

A. a reiuXt. aU the pho.phorus compounds could improve 
the dlachar^e capacity of the carbonaceous material and the 
effect of the addition wae In the order of 
anhydrldophoephorlc acld>«onoba.lc 8alt>dlbaslc salt. 

Flf. 8 I. a characteristic view showing the relation 
between the a«,unt of pho.phoruB compounds (phosphorus 
pentaoxlde and .eta-pho.phoric acid) added to the c.rbon 
precuraor and the dl.charce capacity, with meta-phosphor u. 
acid, tha dlacharf capacity become, maximal when tu. add 
I. added in about 5 wt%. over which it is kept almost 
conati^t. 0^ the other hand, the capacity becomes maximal 
at 10 m%% tor phoaphorua pentaoxide. over which the 
dlachi^rfa capacity la \9WP^P^' "The comparison between 
.eta-pho.phprlc acid anA Pho.phoru. pentaoxide reveals that 
tha lat^e^ haa a greater affect. 

^n -^abla \r ^" discharge capacity In 

paaa irh^m WW ^ound. are added. 
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Table 1 



Phosphoru. Ccpound Aaount (wt*) Discharge Capacity 

(mAh/K) 



341 



NaallPPs * SUaO 
Na>HF04 • 2na0 

P>Os (dry) 

PsOb ♦ UaO 
HaPO* 



8.8 



6.7 



5.8 



5.8 



4.0 



388 



431 



494 



460 



436 



WheA the cairbonaceou. «iterlal is used as the negative 
electrode non-.Queou. electrolyte cell, the surface 
a^par«tfAo;^ (doo.), of the carbonaceous material and the 
exoth,,.lc peak, ^e.perature (Tp) appearing In the DTA curve 
1. cpnalder^d^ to have the close relation with the cell 

charap^er^t^cs. 

■ ■^^o^i,,^, IWL TP v«led by the ..dUlon 

^ r.l.tlc„ between the 
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characteristics and the variations were determined. 

AS a result. It was found that doo. • 3.73 angstroms 
when «eta-pho.phorlc acid was added In 2 wt%. do« - 3.7i 
ang-tro-s when added In 4 wtV doc. - 3.73 angstroms when 
added in 6 wt*. and doc. - 3.71 angstroms when phosphorus 
pentaoxlde wa. added in 6 wt*. The exothermic peak 
temperature In the DTA curve was changed as shown In Fig. 

In view of these results, the variations of the 
respective parameter, caused hy the addition of the 
phosphorus compounds are not so pronounced and the 
improvements of the characteristics are not directly 
proportional to the variation, of the parameters, other 
factor, being assumed to contribute to the Improvements. 

Moreover, the relation between the phosphorus compounds 
being adde4 and the content of phosphorus left m the 
carbonaceou. material was determined. The residual amount 
of phosphoru. W -e-ured In the .ame manner as In 
preliminary Experiment 1. The re.ult. are shown In Fig. lo. 

A. th? amount the pho.phoru. compound Increases, the 
content o^ ^ho.pho.TO A° carbonaceous material 

^ oi^^^mV^.^'^'^^'^ approximately 3 wv%. 

Accoj^^fl^^ l^^^ 
carbpn;i;9^^ ' ' 

pref erabu' 9t. 8 V %1^%V • . 



■' •"'/'''•. ' 
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Ba..d on th. rcult. of th. .bove Preliminary 
experiment. . «rton.c.ou. ».t.ri.l w«cn Had been rirea 
aaain. . Pho.Ph,ru. to . carbon pr.eur.cr obtained b. 
introducing an oxy,.n-cont.lnln, functional .roup Into 

■ .«h ,.a u.ed to ...e»bl, a non-aouecus secondary 
petroleum pitch was uaea w a 
cell for determination of It. characteristics. 

Bnnni"'" ^ 

^ petroleum pitch whose n/C atomic ratio was 
approprlatelX «l,c..a ^ro. a r.n.e of o.e - o.a was broK., 
Tto Piece, and .ubject.d to oxidation treatment In a^trc.. 
of oxy.en to obtain a carbon precursor. The carbon 
precuraor had . ,ulnoUn, Insoluble content 
„ethod by .is: K24.5-10.3, of .0, and an oxy.en content 
organic element analysl.) of 15.4 -t». 

e wtV Of Phosphorus pentaoxlde (P,0, was added to the 
carbon precursor, which wa. carbonized In a — °^ 
nitrogen at 60P« tor 6 hour,, followed by heating to uoo 
for 1 hour. 

The result^ carbon^eou. -aterial was used to 

constitute. ^ ceXV^^ tollot«. 

The Parbo^ccua material .as initially powdered 

■ «nd ciassineA through a sieve to coxlect 

meana of a, BOjrt;W and cla^^ 

^ . -oiVa of 3901 nesh oir below, 

particles: iilit^^at^«^??,.?Arm ' v.. : 
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dlmethylformamide was used to make a paste, followed by 
application to a stainless steel gauze, drying and pressing 
at a pressure of 5 tons/ca". The applied gauze was puncbcd 
into a suitable form for use as a negative electrode. The 
net weight of the carbonaceous material was 32.4 mff. 

A positive electrode was made using LlNlo. aCoo. oOa ns 
an active substance. 6 g of graphite and 3 g of 
polyethylene tetrafluoride were added to and well mixed with 
91 g of L1N1O..COO..0.. after which 1 g of the mixture was 
placed In a mold and subjected to compression molding at » 
pressure of 2 tons/cm" to obtain an electrode of a disk 
shape. 

The thus obtained positive and negative electrodes wore 
used. A solution of 1 mole/1 of LICIO- in a mixed solution 
Of propylene carbonate-1.2-dimethoxyethane (ratio by volume 
of 1:1) and a polypropylene non-woven fabric were used to 
nake a coin-shaped cell. The cell made use of the active 
substance in such an amount that positive 
electrode>>negatlve electrode from the standpoint of the 
electrochemical equivalence as regulated by the negative 

electrode. 

f^^mpftrativ^l Krample 3 
^: ^n :the «Me manner as In Example 3 except that 
phosiiibri^ pentaoxide was not^a^^^ upon carbonization of 
the cirbon precursor/ there was obtained a coin-shaped cell 
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,1th r...rd to Ex.«le 3 -nd Comparative Example 

Th. result, are shcn in ru. 
ai.ch.rg. curve, were drawn. The 
U. in the flr.r.. the .olid line Indicates 
el:ve o. BX..P1. 3 and the hroKen line Indicates tne 
alschar,. curve of Co^ar.tlve Example 3 ^^^^ 

product to Which the Phcphoru. compound Is 

K With re.pect to the cnpacUy- 

sl^incntl, hetter with ^ ^^^^ 

„e ceU. o, ; .,„„terlstlc. 1. 

.„h,ect.d to -J^^^^^^, 0.3 

eh.r.e and dUcharce t..^. t e ^ ^^^^^^^^ 

rntr c rrr. c. - 
-^;„r/rr:rc;::— ^^^^ 

, ^ 3 was Char.d at 3.^.. 

,,,o,ol.ch.r.cterl.tlc.««--^^ 

CO.P.^.tlV.:E«»l. 3 

. cycle ch.rict.rl.tlc In «... "here the 
aairii s «. c!»rfed .t 320 -Ah/.. 

■ ^ * .t «..n the cell cf 
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small . 



Specific examples of the Invention are described, which 
should not be construed as llBltlnr the Invention thereto. 
Various variations nay be possible without departing from 
the scope of the invention. 

As will be apparent from the foresolns. the 
carbonaceous material of the Invention contains phosphorus 
and the present Invention can provide a carbonaceous 
material capable of doping lithium In large amounts. 

According to the method of the Invention^ there can be 
prepared a carbonaceous material having good characteristics 
by a simple procedure and especially a carbonaceous material 
which has great capability of doping lithium and a good 
charge and discbarge efficiency (de-doplng/doplng amounts). 

In the non-aqueous electrolyte cell of the Invention, 
the carbonaceous material having (teat capability of doping 
lithium and a good charge and discharge efficiency is used 
as a negative electrode whereby one can realize a charge and 
discharge capacity; which lii higher than the theoretical as 
In the case -{tisiiif graph a negative electrode. Thus, 

It Is. possible^^^^ having excellent cycle 

characterlsties^and an excellent charge and discharge 



efficiency. 
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WE CLAIM AS OUT INVEKTIOH: 
1. A c.rbon.c.ou. -t.ri.l l..vln. «» Interl.yer 

not 1«M than 3.70 anfBtroB> and a true 
spacing, doa.. of not mm vu. 

aen.it. o, X... than i.TO ./C.. having no 
.t „oi 1... than 70,.C a. a ""raotlon t>,er».l 

.nalyai. In air .traa.. and containing ,rou 0.2 to s.o 
weight « of phoaphoror. 

2. A carbonacaou. -atarlal according to cl.l. 1. 
.herein .aid carhonacao.. »..rl.l L obtained hy 
carbonizing an organic Mterlal. 

3. A carbonacaou. «t.rlal according to Clal» 2, 
wherein .aid orpu.lc -t.rl.1 U « 'uran re.in. 

4 A carbonacaou. «t.rlal according to Claim 2. 

«t.rlal la a petroleu. pitch hovine » 
wherein aald organic Baterlai la » i" 

. .i-. l,.t.aan O.e and 0.8 and containing 
H/c atoBlo ratio batwaan u.o on 

f unctioial tfoup. containing o«ygan. 

Of a carba;ic.i:4Mni^^«-i« " » 

: thin Ivi|i^i»Vin.i..xoth.r.lc P.aK at not less 

,,i;Stiyi|i:i^:i|#.cti«^ .nalyal. .n 
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air streaa. and contalnins froa 0.2 to 5.0 weight X of 
phosphorus, a cathode contalnlnr Li, and a non-aqueous 
electrolyte. 

6. A non-aqueous electrolyte cell according to Claim 5, 
wherein said cathode contains LI tn an amount of 

correspondlnf to the charge/discharge capacity of not less 
than 360 BiAH per craa of said carbonaceous material. 

7. A non-aqueous electrolyte cell according to Claim 5. 
wherein said cathode contains Li in an aaount corresponding 

to the charte/discharse capacity of not less than 350 mAll 
per craa of said carbonaceous aaterlal. 

8. A non-aqueous electrolyte cell according to Claim 5, 
wherein said cathode contains a cathode active naterlal of 
the foraula. LiNOa. wherein M stands for at least one of Co 

and Ni. 
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FIG.l 
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FIG. 3 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. M 
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